
TableC-4

Downlink Interfere.ee Into. SPACIWAY Earth Station Receiver
From an IRIDIUM Satellite

P...... Delliled Consideration Contribution to CII Ratio

Spaceway Sat. Power PI' dBW 12.5 + 12.5

Max. lriduim Sat. Power Po, dBW -3.2 + 3.2

Spaceway Sat. Antenna Gain. dBi 46.5 +46.5

Iridium Sat. Antenna Gain, dBi 26.9 - 26.9

Bandwidth of Sp8ceway Sipl, MHz 120

Channel Sep. of Iridium Signals, MHz 7.22

Bandwidth Factor, dB 12.21 - 12.2

Free-Space Loss, SPACEWAY 210.2 - 210.2

Free-Space Loss.,II.IDIUM 182.2 + 182.2

Wont-e..CII, dB - 4.9
• I . below 'ei 3.9 dB, dB 8.8
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. ADDU 0

SeparatioD DiltMces of Earth StatioDS
To ObtaiD Adequate lM.doD Between Networks

Throu'" Eartll Statio. Divenity

0.1 IDtroductioD

In this annex the .....,.....on distaDCes between Eanh stations of the IRIDIUM feeder-link
system are detennined, such that use oftbe appaopri8te Earth station would provide enouah isolation
between the IRIDIUM and SPACEWAY systems that there would be no harmful interference
between them. This is determined for the followina two scenarios:

i) when the IRIDIUM system implements its APe system to the full extent to counteract
interference from the SPACEWAY system.and

ii) when the IRIDruM system holds its automatic power control (APC) system in reserve to
be used only to counteract atmospheric and rain attenuation.

0.2 Aaalyl. AppNHb

The starting point of the analysis in this annex is the camer-ta-interference (C I I) equations in
Annex C. These equalions are aeneralized to be valid for offset anaIes ofall antennas involved in
the process. The resulting equations can be used to detemine the necessary anales offboresite ofany
of the antennas involved to achieve any specified C /I level of either the IRIDruM or the
SPACEWAY system. At that point concentration is piaced on the necessary off-boresite angle ofthe
IRIDIUM Eanh station, because it is the most directive antenna of either netWork in the process.
Using the known antenDa-discrimon cb8ncteristics of the IRIDIUM Earth-swion antennas. the
necessary off-boresite IftIIes eare detemined to protect the IRIDIUM system, and th protect the
SPACEWAY system, for each of the three scenarios outlined in the introduction of this annex.

The orbital ~stics of the IRIDIUM and SPACEWAY systems are then used to ttanslate
these requinlcl -ate !l4lJ*8lions into required distance separations on the ground between the two
IRIDIUM EInb stIbons used in the mitigation process. These results are then generalized to sugest
the necessary sepmation of Earth stations in an lRIDnJM Earth-station complex to allow the
mitigation process to be used by IRIDIUM to avoid interference with a nwnber of geostationary
(GSO) fixed satellite networks.
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0.3 G_en" 'dH of ttae IntmenDee Equa"". of ADlles C

0.3.1 S.,u.d Equations, Not Takiaclnto Aeeo.at AateD.a Di.erimiDatioD

The interference equations of Annex C in an uplink-interference situation are:

C=PO-AcA-AFS+GOES TGSC ••••• ••••• ••••••••••••••• ••• ••• •••••••••••••••••••••.••••••••••••.• (C.1),

I = PI - AcA - A FS + GlES + Gsc .. ···· .. ···.··· ·····························................ (C.1),
and

CI1 = (Po - PI ) + (GOES - GIES ) + Faw ···· · ··.. (C.3).

where C
Po
AcA
A FS
GDES
Gsc
I
PI
GlES
Faw

is the desired carrier level at the interfered-with sateUite,
is me Xmll' power level of the desired carrier,
is the clear-air attenuation level in me transmission path,
is me free-space loss in the transmission path to the interfered-with satellite,
is the eII'th-station pin of the desired sip.
is the satellite-antenna gain of the interfered-with satellite.
is the interferil18 carrier level at the interfered-with satellite,
is the Xmll' power level of the interferina carrier,
i& the earth-station gain of the interferinl sip. and
is a factor to account for the different bandwidths of the desired and interfering
carriers.

The interference equations in an downlink-interference situation are similar but slightly more
complex. They are:

C =Po - AcA - A 015 + Gosc + GOES (C.4),

I = PI - AcA - A I.FS + GISC + Goes ·· ··.. · (C.5),
and

CII == ( Po - PI ) + (Gose - GISC ) + Faw • (A O.fS - A (.fS )............................... (C.6),

where most of the terms represent the same quantities as in the uplink equations. except that

ADn is the free-splCe-loss of the desired downlink signal. and
A115 is the free-space-loss of the interfering downlink signal.

These last two terms were identical in the uplink situation. but are very different in the downlink
situation.
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D.3.2 G..rallzed ECf8'doas, T.ldagID'O ACCOUD' ADrea•• SeJeetivity

These interference equations are generalized to take into account possible offset of any of the
anteMas involved. In the uplink direction the carrier and interference levels are:

C ::: PD· AcA • A FS + GOES( aD) + Gsd <Po) (0.1).

I = PI - AcA • AFS + GIES( 6l.U) GscC <PI,U ) (0.2).
and

{Gse( 4>0) - Gse( 4>l.U )} + FBW (OJ),

where most ofthe terms are as defined above, with the followilJa additional definitions for the angles
involved:

6 0 is the angle of the desired satellite off boresite of the antenna of the desired Earth
station.

6•.u is the angle ofthe desired satellite off boresite of the antenDa of the interfering &nil
station,

4> 0 is the angle of the desired Earth swion off boresite of the antenna of the desired 
signal satellite, and

<l>1,U is the angle of the interfering Earth station offboresite of the antenna of the desired 
signal satellite.

As in Annex C. it is noted that in Eq'n (D.3) the terms AcA and A FS are not present, since they are
assumed to be similar if not common to the paths of the desired and the interfering carrier. The
desired and interfering eanh stations are assumed to be at similar locations. relative to the distances
of either of the two satellites.

Another point to note is that the interference is determined in clear-air propagation conditions; no
account is taken of rain auaUition in these calculations. This is because a rain event and an
interference event are -=h iMependently events with low probability; the joint probability of the
two iDdepealllllt eveDts, -=h with low probability. is extremely low and so is ipored. It can be
introduced~ if required; to do so it is necessary to know the rain-attenuation statistics at the
IRIDRJM ea1h station sites, taking into 8CCO\Ult the multiple tennina1s ofthe IRIDIUM earth-station
complex.

The generalized interference equations in the downlink direction are similar but slightly more
complex. They are:

c =Po - AcA - Ao.fS +Gosd4>0) + GoES(6 0) (0.4),
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1- P,-AcA-AI.FS+G,sC<<Pl.O> + GoEs(6I.o)············································ .... (0.5).
and

ell =(Po - p() + {Gosc (<Po) - GrsC<<Pl.o)} + Few - (AO,FS - Am)

+ { GoES(6 D) - GoEs(6 (.o)} (0.6),

where 6l.D is the angle of the interfering satellite off boresite of the antenna of the desired Eanh
station. and

... is the anale of the interfered-with Earth station off boresite of the antenna of the'+' I.D ~

interfering satellite.

D.4 ADteDDa Characteristics

Equations 0.3 and 0.6 are general enouah to consider interference mitigation techniques using the
selectivity of anyone of the four antennas affecting the interference process. These are the Earth
station and the space station antennas of both the IRlDnJM and the SPACEWAY systems. The
beamwidths of these antennas, taken from Reference 1, are as indicated in the following table:

Table D. I

S.eth'ity (Ilea- Wid*) of tlte Varioul AateliDUIa"." ia tIN P...... laterfereace Proceu
Betw... the IRIDIUM aDd tile SPACEWAY Systems

Antenna Beam Size In the Uplink Beam Size in the Downlink

IRIDIUM Satellite 5.0 0 7.40

IRIDIUM E8Ith Station 0.24° 0.36°

SPACEWAY Satellite 1.0 0 1.1 0

SPACEWAY Ea1h s.tion 1.1 0 1.6 0

Ofthe four ••--, the most selective one is obviously the IRIDIUM Earth station antenna. That
is probably so becluSt the IRIDIUM feeder-link system uses relatively few Earth stations. (Five
IRIDIUM Gateway EIIth stations are planned in CONUS. for example. compared to the thousands
of user Earth stations in the SPACEWAY system.) In any case. the 0.240 beamwidth in the uplink
and 0.360 beamwidth in the downlink of that antenna offers the greatest potential for isolation of
the two networks through antenna discrimination. The remainder of this annex pursues that
possibility to the extent possible. limited onJy by whether or not the selectivity of the IRIDIUM Earth
station antenna contributes to the interference process.
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The main beam of the IRIDIUM feeder-link antenna can be modelled by the relations

and

= Gmax - K <t> ~

= 32 - 25 Log ( <I> )

. for 0 ~ <t> ~ <t>m (D. 7a).

, for <t>m ~ <t> ~ <l>r (D.7b),

, for <l>r ~ <I> ~ 48° (0.7c).

based on the antenna pattern in Annex II of Appendix 28 of the Radio regulations. The first sidelobe
gain GI is determined by the relation

G. = 2 + 15 Log (0 / A) (0.7d).

The angles <l>m and <l>r are specified by the relations

<l>m = 20 (0 I .t)" { G_ - G1 } 0' (0.7e),

and <l>r = 15.85 (0!.t)'()6 (0.7f).

The antenna's equivalent (0 /.t) in the above relations can be estimated from its maximum gain by
the relation

20 Log (0 / .t) = G_ - 7.7 dB (0.8).

The IRlDruM Earth st8tion antenna has a boresite pin of 56.3 dBi in the uplink and 53.2 dBi in the
downlink. From Eq'n (0.8) those Earth stations have a (0 IA) of 270 in the uplink and 188 in the
downlink. This and the other antenna pattern parameters are given in Table 0.2 for both uplink and
downlink.
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T.ble D. 2
IlUDIUM Earth Statio. All••• Cllaraetel'istia

P-.neter Uplink Value DoM1Jink Value

G_ 56.3 dBi 53.2 dBi

0/ A 270 188

O. 38.5 dBi 36.1 dBi

till 0.3130 0.4400.. 0.550 0.610

These values are used in EqUMions (0.7·) above to determine the required value 4>s to achieve
isolation of the two netWOrks throUlh IRIDIUM Emh station anteDDa diversity.

It is noted that FCC Replation 25.209 incIicales an off-boresite IIIlteDaa-pin 3 dB below that of
Equation (D.7<:) for off-bcnsite anates between 10 and 9.2°. However, the tiPta' constraints apply
only to angles in the~f the OSO. Since the IRIDIUM Eanb-1t8Iion anteIIna would have to
operate in any combiMtion of azimuth aDd elevation aasle, .it is concluded that the tighter
constraints in the FCC's 25.209 do Dot apply, and so Equation (0.1c) is used for all angles 4> in the
range 4>, S 4> S 48°.

D.S Iso.deB of.. Tw• ....,.rks TIl....... IRIDIUM Eartla SDatie. Divenit)'

D.S.l Isola•• WINa IIlIDIUM AIIo U.. APe ••• Iaterfenaee-Mitiptiea Tda.iq_e

Annex C discUlleS me peuible use of tla8anitter. power in reserve in both the Earth-station and
spece-station tJ.""" of the IRIDRJM~ to overcome or at least to minimize to the extent
possible the a-feJ_ 18m SPACEWAY-..issions duriDllIl interfereDce event In doing so,
the IRIDIUM .,•• II. -.lei overcome IIpl_ bIrmiul inteIftnieDce into its utellite receiver. and
almost~1bt -.Ad doWDtiDk i.ftteIf6mce into its Earth station receivers. However. in the
process it would CIIIIe sipificantly harmful interference into both space station and Earth station
receivers oftbe SPACEWAY system. The question answered here is

In the event that tlte IRIDIUMsystem used its APe system to the alent possible to overcome
homrful ;nterj6tMCe ;"'0 its own nerworlc, wlwl angle separation awayfrom the SPACEWAr
Sale/lite be.. i" its Earth-station anl6rmtl boresite would be necessary to avoid harmful
interference ill both networks ?
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Interference events into the IRIDIUM satellite receiver will only occur when the SPACEWAY Earth
stations. the IRJDnJM satellite, and the SPACEWAY .-ttite are in an approximately straight line.
It is assumed here that the minimwn operational elevation angle for the SPACEWAY system is 30°.
so that elevation anile is included in estimating the IRIDIUM noise and interference budget.

As indicated in Table 9-1, the IRIDIUM Earth-station power level to provide a C/N of 10.7 dB at
30° elevation anale is -11.7 dBW. The maximum power level is + 12 dBW. so there is a 30.7 dB
margin for interference mitiption at a 300 elevation anale under clear-sky conditions. Using the
simpler Equation C.3 to determine the uplink CII in the IRIDIUM system without antenna
discrimination of any kiDd, the worst-case CII is -14.3 dB. (See Table C-l of Annex C.) If it is
assumed that the opdllOt of the IRIDIUM system would use the available APC to bring the uplink
C/(N+I) back to + 10.7 dB, the Earth station power would be increased by 25 dB.

An increase in IRIDIUM Eartb--.ion output power by 2S dB would lower the CI1 at the
SPACEWAY satellite from +14.2 dB (before IRlDIDM APe was applied) to -10.8 dB after 2S dB
of APC is applied . In this situation the above general question becomes

What is tJw~ ojfboresitt ong/, of1M IRIDIUM Lrth-slQlion to raise the OJ in the
SPACEWAY.mullitefrom -JO. 8 dB to + 6.9 dB. the mi"i"".", level of0 (N+I) to continue
operation dllring the short inter/erence event ?

That question can be answered by setting 6 D. 61,U' and 4> 0 all equal to zero in Equation (D.3) and
solving for the necessary 4>1.U to provide a 17.7 dB reduction in interference. Based on Table D.2
above, that is almost exactly the 17.8 dB ( G_ - G, ) difference of the IRIDIUM Eanh-station
antenna. In this case the necessary separation anale 4>s is equal to the Earth-station-antenna's angle
4>m' ie. 0.313°. It mIIY be noted that an actual Earth-station anumna gain drops significantly below
the GI level at anIies sJilhdy ,reater than 4>m' and then rises again to the GI level at the peak of the
fim sidelobe, so a~qle of 4>m or perhaps slightly larger is considered adequate.

TIt•• ee. .,.. I .pl""_ III 15.of. 31.7. APe bedpt ill die IRIDIUM
Eardl -...vM £8,.......110...._ HpendH .... of 0.3130 f.... tile
diI.doII of SPACEWAY satellte, .....1eI..mate upliltk iltterfereace betweeD die two
networks.

D.!.1.2

In this section the nece.-y """011 anaJe~ is detennined to avoid harmful iaterference into
both the IRIDIUM and SPACEWAY netWorks. As ia the previous section, a 30° minimum
elevation angle of both satellites during the interference events is assumed, based on the planned
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location of SPACEWAY Earth terminals.

Without the use of APe to increase the the output power of the IRIDIUM spacecraft transmitter
during an i..nterference event, the worst-case CII in the IRIDIUM sysrcem during that event would be
~9.6 dB. (See Table C-3 of Annex C.) In such a scenario the worst~case CII in a SPACEWAY Earth
station would be + 10.2 dB, well above the minimwn downlink C/(N~I) of 3.9 dB under worst-case
conditions.

If IRlDnJM used their reserve APC satellite power to the maximum available, 15.1 dB at a worst~

case 30° elevation angle, the IRIDIUM downlink C/(N+I) would be +5.5 dB. and as a result the
SPACEWAY C/(N+O would be reduced to - 4.9 dB, the value shown in Table C- 4.

If IRIDIUM Earth station antenna discrimination were used to raise the IRIDnJM C/(N+I) to the
clear-air working level of 10.7 dB, 5.2 dB isolation would be required from the Earth-station
antenna. Equation (D.7a) with (D II..) equal to 188 indicates the required t s in this case; it is 0.243°.

If IRIDIUM Earth..on....discrimination were used to raise the SPACEWAY Cf(N+O from
its - 4.9 dB when full IIUDfUM satellite APe was applied to a minimum workable level of+ 3.9 dB,
an antenna isolation ofat least 8.8 dB would be required. Again usinI Equation (D.7a) with (0 fA.)
equal to 188, the required angular !epR&tion 4>s would be 0.316-, slightly Jaraer than that required
to restore the perfonnance of the IRIDIUM downlink to its clear-air operational level.

D.5.1.3 s••....,.. of IRIDIUM E.....-8tMtoD ADtea•• A.,-lar SepantioD Required
Wbea '.1 APe Is UtecI ill the IRIDIUM System

Three antenna angular separations have been detennined, each one to correct a specific shon-tenn
interference problem. These are:

•

•

•

0.313° separation required to correct uplink interference in the SPACEWAY system;

0.316° separation required to correct downlink interference in the SPACEWAY system; and

0.243° !leplll'&tion required to correct downlink interference in the IRIDIUM system.

The necessmy qular separation to correct all three problems would ofcourse be the largest of the
three, 0.:U6°.

D.5.2 boIadota WIan IRIDIUM Does Not Use APC .sall IDterfereace-MidpdoD Tc:bllique

In the scenKio eumUwt here APe of the IRlDIUM system is NOT used as an interference
mitigation technique. It may be noted from Annex C that without the use of APe as an interference~
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mitigation teebaique, interference does not reach harmfU11evels in the SPACEWAY system; it only
reaches such levels in the IRIDIUM system. If this interference is to be avoided. it has to be done
so throuIh the ua ....... in the IlUDIUM system that do not point towards the interference.
Specitlcally, lwmfW~nce in the IRIDnJM system can be reduced to acceptable levels in the
following two ways:

•

•

in the uplink, through use of sPacecraft antenna isolation, and complementary use of an
alternate Earth station antenna at the boresite of the space station antenna after it has been
re-pointed to avoid the interference from SPACEWAY Earth stations; and

in the downtiDk, tbroUlb the the use ofaltemat& IlUDnJM Earth swion antennas at nearby
locations to avoid an interference from the SPACEWAY space station., in the same way that
interfeumc::e is avoided in conjunction with use of APe in the llUDnJM system.

D.S.2.1

As indicated in Tliltle C-l of AnDex C. the upliDk CII ratio may be as low as - 14.3 dB in the
IRIDIUM~ when APe is not IIIed in thIt syIteID. To raise the C/(N+I) to the minimum +7.7
dB durinI c....... P"Of plion conditions, when the clear-air CIN is 10.7 dB. the ratio CII would
also have to be inaeaed from - 14.3 dB to +10.7 dB, an increase of25 dB.

Without an increue in uplink power in the IRIDIUM system. the onJy isolation possible from the
SPACEWAY system would be throUlh "IIAt ....Ilea ia die DUDIUM lpaeeeraft. aot ia tile
IRIDIUM Eartll ........ It is noted that the lRJDIUM .ellile amerma gain is only 30.1 dBi at
boresite. so the anaular sepMation from ttansmitting SPACEWAY Earth terminals at the edge ofthe
service area ofa SPACEWAYservice .... perhaps fairly remote from the IRIDIUM Earth station
itself. would have to be such that the gain of the IRIDIUM spacecraft antenna in the direction of
those uansmitting antennas would be only about 5 dBi.

The sidelobe characteristics of the IRIDIUM splCeCraft antenna are as described by Annex III of
Appendix 29 of the Radio~ons. which are the !IIII1le as described in Equations (0.7*) above,
except that the sidelobe pin for antennas with (D /A) less than 100 is

G (4)>> - 52· 10 Log (0 /A) - 2S Log ( ~) ,for~, ~ ~ ~ 48° (0.9&).

The IRIDIUM utellite antenna's boresite gain is 30.1dBi, which according to Equation (0.8)
indicates a (D f).) of 13.2. Thus Equation (D.9a) becomes

G (4)>) = 40.8 - 25 Log ( .) ,for., ~ • ~ 48° (0.9b).

aa-t on this eqUllioD, the required sepmUon lDIle to achieve an....pin ofODly S dBi would
be 27°. Note that this is 27° from any concentration ofSPACEWAY Earth stations, which may be
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cODSidenbly fUrther than 270 aaplar separation from the IRIDIUM Earth station itself. To specify
the sepII'IIion ditIIDce on the ground it would be necesury to take into account the location of the
SPACEWAY 5J*eCraft antenna beams with respect to the possible future locations of IRIDIUM
Earth stations, a complex and error-prone process.

D.5.2.2

In the downlink as well, there is harmful .1NleniCe in the IRIDIUM system but not the
SPACEWAY system. This will occur if the IRIDIUM EIIth-ation 8Dterma that is aw:king the
IRIDRJM satellite fiDds the SPACEWAY ....mte in its boresite, and ifAPe in the IRIDIUM system
is not used as an interference-mitiption measure. Specifically, the worst-case downlink interference
in the IRIDruM system would be -9.6 dB, and in the SPACEWAY system the interference would
be +- 10.2 dB.

To rUe the downlink ell in the IRIDIUM sysem to +-10.7 dB, for the __ reason as thIl dircussed
in Section 0.5.2.1 above, an Earth-station-lDtenDa discrimination of 20.3 dB would be required.
Based on the infonnation in Table 0.2 above, the Earth-swion-antenna discrimination ....e would
have to be such that the anterma was operating in the sidelobe 32 - 2S Log(~} ponion of its
perfonnance. An antenna discrimination D( ~ ) specified by the equation

D( ~) : GIlIIX - G (~) = G_ • 32 +- 2S Log(~) (0.10)

would be required, with G_ equal to 53.2 dBi. To achieve a discrimination D( ~) of 20.3 dB, the
required a.plar separado. wou;ld be 0.92°.

0.5.2.3 Su...ry of IRIDIUM Ea......StMMta All..... A_Jar Sepantien Requind
Whee No U.1s MMe ofAPe .. tile I1UDItJM s,ue. to Co....t 18terfereace

In the uplink, the prime meclwUsm has to be DUDIUM space station IJlteDJ1a discrimination when
IRIDIDM Earth station APe is not used. To achieve the required discrimination, co-channel
SPACEWAY Earda ..... have to be 270 frHI tile boretite of die IRIDIUM satellte's........
In the downl~ IJUDIUM Earth station antenna discrimination is apin the fundamenlal process
for achieving isolation between the two networks. In this case an antenna separation angle of 0.92
o is sufficient to achieve the required isolation.
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0.6 Dw.._ ., AIIInate IRIDIUM Eardl S..... To Achieve the Reqtlind Earth
S.... or Spaee Statiea .uplar Sepando.

0.6.1 Distaaees Required WIle. Earth Statio. AIIteDDa Dlseri_i.adoD is the I.terfereaee
Midi_doD Measure Applied

An imponant parameter in the detennination of the necessary distance between prime and alternate
Eanh station to ad1ieve the necessary isolation between the two networks is the altitude of the
IRlDnJM system: 710 km. At the very sma!lllllles involved in four of the five cases considered.
ie. 0.243°, 0.313°, 0.316°, and 0.92°, the lDIles are small enouch that one can make the
approximation that the anale (in radiIDs), its SiDe. and its Tanaent, are all approximately equal.

In the simplest cue, in which the IRIDIUM satellite is directly above the two EMth stations, the
necessary distance between them such that they view that satellite with angles differing by a small
anale. is ( 780. ) kin., when. is expressed in nIdians•. For the anaJes 0.243°,0.313°,0.316°, and
0.92° the required separations between the Earth stations are 3.3 km, 4.3 km. 4.3 km, and 12.5 km
respectively.

In the more realistic call, wbeD the Sllellita have aD elevation qle e,this distance ( 780 .) km
increases for two reasons. The first reason is that the distance to the IRIDIUM sazellite increaes
from the minimum 780 Ian to the distance 780 I Sin(8). For the 30° minimum angle considemf here,
because the stated minim..elevation anale ofthe GSO Slltellite in the SPACEWAY system is 30°,
the dist8nce to the IRIDIUM satellite increases to 1560 km. Thus the minimum distances between
the two Earth stations that are providing Earth-stabOD diversity for one another increases to 6.6 km,
8.5 lcm, 8.6 km, and 25.0 km respectively for the four required angle separations 0.243°, 0.313°,
0.316°, and 0.92°.

There is ano1her mi•• ill........-..nee....ons that may be necessary. Determination
of the distances 6.6 Ian, 1.5 kID, 8.6 Ian, IDd 25.0 km assumed implicitely that the line joining an
Earth station and the DtIDIUM sateWte was perpeudicuJar to the liBe joining the two Earth stations.
111M is ofcourse patlible ...idaIl coaditioal. IIId would result in the required dis18nces 6.6 Iem,
8.S km, 8.6 laD, IIId 25.0 ka However, iftile relMive'" between the two Earth~ns and the
IRIDnJM ...wee were die worst possible rather than the best possible, the two Earth stations and
the IRIDIUM ~lite would be in a venical plane. In that case, the required distances would
increase by. fiIrdIIr__ {I / Sia(8) } or 2 in the case where ewas 30° .The distances would then
increase fortberto 13.2 kill, 17.0 Ian, 17.2 Ian, and SO km.

These last distances are overly pessimistic for situltions in which the interference events occur when
the satellites are at an elevation angle of 30°, because the interference events occur at known
locations of the sareJlites, determined by the location of the Eanh stations and the GSO location of
the SPACEWAY satellite. Ifinterference with SPACEWAY satellites at 99°W and at 101 oW were
the only GSo-LEO interference events ofconcem in the design ofthe IRIDIUM system, the Earth
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stations could be sm.d ideally to combat that potential problem. and the distances 6.6 km, 8.5 km.
1.6__25.0..wouIcllpPly. However, iftbe DUDIUM Earth stldions had to be loca1ed in such
a way that~"eoce widllIl \mSPICified n\l1lber ofGSO satellites h8dto be avoided, then perhaps
the twO DUDIUM EIItIlswions should be located 110111 an east-west line, and diStances less than
the set {13.2 km, 17.0 km, 17.2 lan, and SO Ian} but greater than the set { 6.6 kIn. 8.5 kIn. 8.6 Ion.
and 25.0 km } would apply.

The actual cUl'Nftt inwlvinllRlDlUM Earth Slation complexes is that each complex will
include three Sri wid! one peripftnJ Earth staCion located 34 nautical miles or about 63
Ian in an "x" diIectien.. 1S mites or about 21 laD ill a FJI'fJ'Indicular "y" direction from the central
Earth station, aDd a *OIId peripheral Earth statim located 63 kID in the opposite "x" direction and
27 ian in the same fly" diJection. These disrances _ presumably chosen to combat rain attenuation
when the 1RIDRJM SMellite is at low elecation .... These distances between the Eanh stations.
61 Ian betv4..eMIl of..1* .-ioDI_die cemnl Station, and 126 km between the two
peripIIerII _ d.·••tty 1Mn.. required distances discussed above. n. it eaa
be &ardl dI¥enIIy e call be..,toyed willlout BY ftlrdaer
increases ill E.rth statioB sep.ratioD beyoDd tb.t cboseD for _itiptiOD of raiD .tteIl••tioD.

D.U Dill WMII SpIce StadoD ADteHa DlHI iwiutiOB is tbe IDterfe"Bee-
Mi 1'1._" ApplIed

IRIDIUM satellite __ discrimination is the mitiption technique availble to combat uplink
incerfenmce &om SPACEWAY Earth stations into IRIDIUM satellite receivers when IRlDIUM
uplink APe is not UIId. As iIldicated above in Section 0.5.2.1, this technique requires that the
boresite ofthe IIUDIUM _II. be such that the interferina SPACEWAY Earth stations
be 27° off the botwite oftbe IRJDUJUM .-Ilite .terma. When the elevation ana.le between the
prime IRIDIUM EIfdt Mion.. the two ureIIi1es is 30°, this 27° angle offboresite rules out any
possible DUDIUM EaI* ItIIIioIllecatioD in ODe direction. In the opposite direction a separation
between Eri ....weukt have to be at I_liN .... and probably more to take into account
the sprad ofSPACEWAY BIIdl.aGIII over the SPACEWAY service area. 1'beIe dist.Deft .re
Dot 1iIdc, oI.,1IIIk iDtMfe ft iato tit. IRIDIUM Ute reeeiver
tIIrMP .... - ., UM diIc tio. witho.t the compiemeDt.ry .se
oIl1UD1tJM APe II Bet • viable tectaaique.

0.6.3 Dta WIMB tH Satellites .Dd tbe PIiIa.ry IRIDIUM Earth Sa-tioD are
aot I...,. StniIIIt LiDe

The aDaIysis in m-lbeve sections assumed implicitely that the path of the LEO satellite was the
worst possible in tenDs ofdle LEO IRIDIUM Earth station causing or being subject to interference
from the GSO SPACEWAY satellite. That worst-case arrangement is when the LEO satellite
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temporarily u.nects die liDe between the LEO Earth station and the GSO satellite. If there are only
twO LEO Earth stMioIIS involved in the EIrth-station-diversity activity to miti.. potentially
harmful imerftren<:e, m.e is a possible atlipment ofdle primary Eri Mion IIId me two _nites
that requires an even .... ..,.ltion between the two Eanih stations to avoid hInntW interference:
that is an allignment in which the LEO satellite travels a path slilhtJy di1ferent from that "in-line"
path. such that when the LEO Earth station tracks the LEO satellite the GSO 58tellite is in the edges
of the main~ of the EMth-station's an&enDa, and some isolation is provided by the antenna of
the primary E.1h-statioD'...... but DOt taoUIb to avoid bIrmfuI interference to one or both
netWorks. Iftbat pIIh is..dill pull the GSO ..uite clOMl' to the bcnsi1e of the secODd satellite
than the "in-line" p8dl, a t.rIer seperaQon between the Earth stations on the ground would be
necessary to avoid~ i.mel'fetence entilely.

To .....n.ze. if__ wen 0BIy two LEO EIrdl s..... involvecL ad iftbey 'tW'N to be pIKed at
poims fiIr eBOUIb IIIIII't to be.. to correct for t.IDfuI i.nIeafinlQcc caused by aD)' pouible path of
the LEO "lites. the distlRCe would have to be twice that determiDed in Sec:Uons 0.6.1 and 0.6.2
above.

This concern applies, however, only to the situation in which there are only two LEO Earth SbIIioas
in the LEO~ complex. Ifthere are ...... such EIdh SIIIioDs, .·theIe 8e in aD IlUDRJM
Earth-station complex. the situation is improved to the I'X1eDt tMt the abov, cioublina of Earth
station distances is not necessary. The reasoning on which this conclusion is drawn is as follows:

[fthe peth ofme LEO satellite is "between" the centrallJUDlUM Earth sta1ion lad one of
the two peri'" Eri stations, and thote two EIIth stations are placed with .,...aons
described in Sections 0.6.1 and 0.6.2 above, neither of those two Eri stations may be
able to become tM IICtive LEO E.th stIbon wiIhouI harmful interference occurina to one
or both of the two nctwerks. However. in such a situation the third Earth station is even
further away n.n the GSO satellite, I1IC8IUIWI ia terms of the aqle between the boraite of
that Eri-.. __die diNetion oCtile GSOMsateUite. if it is traekinI the LEO
satellite. TIaus itllbility to avoid a t.m1W iaterfennce situation is even better than if the
LEO satellite's'".. "in line" with the central Earth station.

The conclusion drawn ftom this COIIIicleratiOD ofdiffenmt tlilht .... ofthe DUDRJM satellite in
a possible a-ftaaw:e-eP'Ii. situalion is that when there lU"e three LEO Earth stations involved in
roughly a straitht tiDe, as there lU"e in the design of an IRIDnJM Earth-station complex. the worst
poaible tliIbI-pIIIl of 1Iae LEO satellite from the perspective of baviDg to place the LEO Earth
station antenDaS far~ apart to avoid harmful interterence into one or the other network is the
flight path in which the satellite is temporarily "in line" between the central Earth station and the
GSO sacellite. That is the JilUalion analyzed in Sections 0.6.1 and 0.6.2 above. and so the
conclusiOlll..m.tiDdille IICtions in tenDs ofthe DeCeIIIIY spaceing between Eanh stations apply
to aU LEO satellite fliPt paths, not just the "in line" one.
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Sharing Study of IRIDIUM and SPACEWAY

Introduction

This paper describes a study of the interference condition between the IRIDIUM and SPACEWAY
systems. Further, the study provides a quantitative assessment of various interference mitigation
techniques

Analysis Description

A computer simulation was developed to determine the interference levels into antennas of both
systems as a function of time. The model is purely geometric in that all orbits and the earth are
assumed to be spherical. At each moment in time, the relative positions of.earth stations and
satellites are calculated and the resulting interference level is determined. The full IRIDIUM
constellation of 66 sateHites is modeled along with a single SPACEWAY satellite. Earth terminals are
assumed to be co-located. When the interfering sign.' bandwidth is less than the bandwidth of the
victim receiver, enough interfering earth terminals are assumed to be present to match the victim
signal bandwidth. The interference level is comptlred to the victim receiver noise temperature on a
per Hz basis. Statistics are generated to show the percentage of time that a particular la/No level is
exceeded. System characteristics are shown in Table 1.

Figure 1 shows the result of the simulation for the SPACEWAY uplink interfering into the IRIDIUM
spacecraft receiver with co-located earth terminals at 34 degrees north latitude. Overlaid on this
figure is the result of a similar analysis performed by CSC. The two independent results show
excellent agreement. Throughout this paper, only this link is considered. Results from the other links
(IRIDIUM uplink into SPACEWAY and both downlink directions) are available and the conclusions
drawn here are applicable to these other links as well.

Mitigation TechniQyes

As can be seen from Figure 1, the lo/No levels exceed the TG 4/5 recommended values. A number
of mitigation techniques have been suggested to alleviate the interference between these types of
systems. Path diversity, where a1temate links are used (when available) to avoid the high level
interference conditions is investigated here. Some definitions are in order. Referring to Figure 2,
"satellite diversity" means that the IRIDIUM earth terminal could uplink to another satellite during the
high interference events if another satellite is visible. "Site diversity" means that a second IRIDIUM
earth terminal located some distance away from the primary site could be used for the uplink to avoid
the in-line interference events. It should be reiterated that interfering earth terminals are assumed to
be co-located at each site Finally "path diversity" means that the best link among all earth sites and
visible satellites is chosen. Each of these mitigation techniques is discussed below.

A. Satellite Diversity

Figures 3a through 3f show the improvement in lo/No due to satellite diversity as a function of earth
station latitude. For instance, the bottom curve of figure 3a shows the improvement due to satellite



diversity at the equator. Not much improvement is seen because, at the equator. additional IRIDIUM
satellites are visible only a small percentage of the time. As the earth terminal location is moved
north, the same general trend is seen (figures 3b & 3c) until 45 degrees north is reached (figure 3d)
Near this point, at least two satellites become visible at all times and this diversity technique shows
substantial improvement in interference levels. At 60 degrees north, (figure 3e), satellite diversity
essentially eliminates the interference condition. Figure 3f gives results between 35 and 45 degrees
north at 2 degree increments and shows the "cliff-like" behavior of this technique near 45 degrees
north. So this technique becomes very powerful for earth terminals located above about 45 degrees
north (or below 45 degrees south).

B. Site Diversity

Figures 4a through 4e show the impact of site diversity, also as a function of earth station latitude.
Referring to figure 4a, the top curve shows the interference condition at the equator with no diversity.
The lower curves show the improvement when a second earth terminal added at 1 degree increments
away from the primary site (1 degree is approximately 70 miles). The remainder of the curves in this
set show the effects at higher latitudes. The results indicate that this technique provides substantial
improvements in lolNo at all latitudes.

C. Path Diversity

Figures 5a through 5e show the improvements that can be expected using the path diversity scheme.
At lower latitudes (figure 5a for instance) site diversity dominates since, as was shown earlier, satetlite
diversity does not Pfovide much improvement at lower latitudes due to limited occurrences of multiple
visible satellites. At higher latitudes (figures 5d &5e) the combination of site and satellite diversity
eliminates the interference condition even with small separations between diversity earth sites.

Conclusions

Although this analysis is preliminary and continuing, the results indicate that satellite and site diversity
are powerful interference mitigation techniques. This analysis considers only the IRIDIUM and
SPACEWAY systems, however the trends shown are applicable to other systems of these types.

It should be noted that the sophisticated IRIDIUM system already has the capability to implement
these mitigation techniques. Feeder link earth sites have multiple antennas to allow for normal hand
off, so the satellite diversity scheme requires no hardware changes to the earth site design. Similarly,
the spacecraft carries multiple feeder link antennas also to allow normal hand-offs. Thus no hardware
changes are needed on the spacecraft to implement the site diversity technique. Note also that site
diversity is already planned for IRIDIUM to combat rain fades. Since path diversity is just a
combination of the other two schemes, no hardware changes are necessary for this technique as well.
Only very minor impacts to the IRIDIUM system (Le., configure operational software to implement
diversity) would be required to operate the system using these mitigation techniques.

Thus, without requiring hardware changes to either system, these techniques would allow co
frequency sharing between IRIDIUM feeder links and SPACEWAY.
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Table 1 - System Characteristics

Parameter IRIDIUM SPACEWAY
Constellation

Radius 780 km + earth radius GSa radius
Period 100.8 minutes 24 hours

Planes 6 1
Satellites per plane 11 1
Plane spacing 31.6 degrees nfa
Satettite spacing 360/11 degrees nfa
Minimum elevation angle 5 degrees 10 degrees

Space Station
Power into transmit antenna -12.9 dBW 13dBW
Bandwidth 4.375 MHz 120 MHz
Transmit antenna gain 26.9 dB 46.5 dB
Receive antenna gain 30.1 dB 46.5 dB
Recieve noise temperature 1295 K 575 K

Earth Station
Power into transmit antenna -11.8 dBW -4.7 dBW
Bandwidth 4.375 MHz 500 kHz
Antenna aperature 2.8 m (efficiency = 60 %) 66 cm (efficiency = 60 %)
Sidelobe characteristics RR Appendix 29 Annex 3 RR Appendix 29 Annex 3
Recieve noise temperature 731 K 175 K



.-..~--

-4 -

Figure 1 - SPACEWAY into IRIDIUM Uplink
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Figure 3a - SPACEWAY into IRIDIUM Uplink Using Satellite Diversity
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Figure 3b - SPACEWAY into IRIDIUM Uplink Using Satellite Diversity
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Figure 3c - SPACEWAY into IRIDIUM Uplink Using Satellite Diversity
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